The present work shows the evaluation of the flux and absorbed dose rate of neutrons in a 241 AmBe Irradiator at IPEN facilities using the MCNP-4C transport code. The geometry of the 241 AmBe source as well as the Irradiator design, constituted of 2 neutrons sources, were modeled. In addition, four and eight sources of 241 AmBe were also considered for checking the viability to increase the Irradiator performance. The results show an increase for both flux and absorbed dose rate, mainly for the fast configuration.
I. INTRODUCTION
The development of appropriate instrumentation to perform neutron activation analysis, NAA, can be of great help to investigate quali-quantitatively materials in different research areas such as biological [1, 2] and geological; it can also be useful to test and calibrate neutron detectors and to check quality control parameters. In order to overcome limitations found in NAA when using usual neutron sources like nuclear reactors, a neutron irradiator have been designed and assembled at IPEN facilities. The main advantage of this irradiator is its very stable neutron flux, thus eliminating the need for standard material in the measurement of induced activity in samples. Also, to perform neutron dosimetry for radiation protection, stable fast neutron flux is necessary, so this apparatus could be very suitable. However, as the irradiator neutron flux is many orders of magnitude lower than that of a nuclear reactor or of a particle accelerator, large samples must be irradiated in order to achieve good sensitivity. In this work the modeling of the neutron irradiator and evaluation of the neutron flux distribution and the absorbed dose were done using the MCNP-4C code [3] . Particularly for biological samples and for neutron dosymetry, the knowledge of neutron dose rate is essential and can be estimated using the Monte Carlo method. First calculations of the irradiator had already obtained through Monte Carlo simulation of a certain distribution of two 241 AmBe neutron sources and geometry specifications [4] . The present work shows simulations for new distributions of neutron sources, and for each distribution both the neutron flux and absorbed dose were obtained. The new distributions are related with the increase in the number of neutron sources, up to eight. In this way we can check the viability to increase the Irradiator performance.
II. NEUTRON IRRADIATOR FACILITY
The Irradiator in operation at the IPEN facilities ( Figure  1 ) consists of an Al cylinder of 5 mm thickness with 1200 mm length and 985 mm diameter, filled with paraffin where two perpendicular cylindrical cavities, with the same diameter, cross the irradiator geometric centre. In one of the cavities, say A, a lucite ruler passes through the longitudinal direction, where the material to be irradiated can be put in different posi- tions, and in the other cavity, say B, the two 241 AmBe sources (600 GBq and neutron emission rate of 3.9 × 10 7 n · s −1 , each) are positioned symmetrically, at the same distance from the geometric centre, face to face. Two different configurations, related with the neutron sources arrangements, were defined:
Thermal neutrons prevalence.
In this situation, a polyethylene cylinder of around 50 mm length is placed between each neutron source and the outer wall of cavity B to thermalize the emitted neutrons;
Fast neutrons prevalence. In this situation, the neutron sources are positioned at 47 mm away from the irradiator geometrical center (position O).
III. MONTE CARLO CALCULATIONS

A. Modeling and sampling the neutron source
In this simulation the geometry of the source was modeled as a cylinder shape of 94 mm lengh and 17 mm radius, made of a metallic alloy. The uniform particle position sampling was given by the EXT variable and a power law built-in function p(x) = c|x| a was used for the source radius values (RAD) with a = 1. The energy spectrum of the source was of a 241 AmBe neutron emitter [5] , with energies ranging from 0.025 eV to 12 MeV.
In this work two, four and eight sources of 241 AmBe in specific geometric positions were sampled. One sampling considered two sources, in the z axis, positioned perpendicularly to the main symmetry axis of the Irradiator; another sampling was performed for four sources, two positioned on the x axis and the other two on the z axis; finally a sampling for eight sources was done, four of them positioned along two diagonals, which make 45 o with the z and x axes, and the other four at the same positions considered in the second sampling. (See figure 2) . With these positions of the sources, maximum values of the neutron flux in the position O will be obtained.
B. Neutron flux and absorved dose calculation
In the simulations cells were used to calculate both the neutron flux and the absorbed dose. The cell was an air sphere of 10 mm diameter. There were 41 spheres positioned over the lucite ruler with their centers separated by 20 mm.
The neutron flux was estimated using the tally F4 (cm −2 ) with MODE N, which calculates the average flux over a cell (particles · cm −2 ). The intervals of energy considered were thermal below the Cadmium cutoff energy(0.5 eV), epithermal (between 0.5 eV and 0.5 MeV) and fast neutrons (above 0.5 MeV).
The absorbed neutron dose rate was obtained through the tally F6 (MeV · g −1 ) with MODE N, which considers the neutron energy deposition average over the cell. This tally gives already the energy deposited per unit mass of the material. In the simulations the importance of the overall geometry regions were selected as equal (= 1), excluding of course the space outside the geometry (= 0). These calculations were done for the two irradiator configurations, fast and thermal, respectively.
IV. RESULTS
The results correspond to five millions of neutron initial histories, taking times of 263, 379 and 829 minutes for two, four and eight sources considered, respectively. The relative error estimated was less than 5 %, passing the statistical checks required. The evaluated neutron flux for two, four and eight sources in both configurations, thermal and fast are shown in the figures 3, 4, 5, 6, 7 and 8, respectively.
The neutron absorbed dose rate for eight sources in both configurations, thermal and fast are shown in the figures 9 and 10, respectively. obtained, was chosen.
V. CONCLUSIONS
The availability of a neutron irradiator apparatus gives an alternative to perform nuclear activation analysis outside a nuclear reactor, at lower cost and with greater flux stability.
The simulation result shows that when neutron sources are than of a nuclear reactor (10 12 − 10 13 n · cm −2 · s −1 ), however the neutron irradiator becomes advantageous when large amounts of material (several grams) must be analyzed.
